An X-ray image of the L1251 dark cloud in Cepheus was obtained with the XMM-Newton telescope. More than three dozen sources were detected above a 3σ limit in X-ray luminosity of L X = 10 29.0 ergs s −1 . Among the detections are eight optically visible T Tauri stars, which had been identified in earlier work from their emission at Hα. The two strongest X-ray sources have steady luminosities of L X ∼ 10 31 ergs s −1 and are at the saturation limit for X-ray activity in late-type stars, L X /L bol ∼ 10
INTRODUCTION
Spatially-extended high-velocity CO emission has been observed from a variety of young stellar objects (YSOs), ranging from luminous stars in massive star-forming regions such as Orion to low-mass solar-type stars in isolated dark clouds like B335. The molecular outflows are often narrowly collimated, with distinct approaching and receding lobes of gas. They may also be accompanied by parsec-scale optical jets and counterjets, the so-called HH objects, which are manifestations of the bow shocks that result from interactions between the outflowing gas and ambient cloud material (for a review see Reipurth & Bally 2001) . Normally faint or even invisible at short wavelengths, most YSOs with outflows display a very steep spectral energy distribution (SED) at far-infrared, sub-mm, and radio wavelengths. This is a strong indication that the central stars are deeply embedded in their birth clouds and are concealed from view by their highly opaque circumstellar disks and envelopes of infalling material. Now commonly referred to as Class I protostars, such objects are thought to be in an early stage of evolution just preceding the T Tauri star (TTS) or Class II phase. Because estimates of the dynamical ages of the associated high-velocity CO and HH outflows are typically of the order of 10 5 yr, Class I YSOs must be quite young; but whether it is fair to say they are as young as 10 5 yr is unclear. In some respects, the spectra of Class I stars bear a close resemblance to those of TTSs, and so it is conceivable that the evolutionary ages of the two groups are not markedly different from one another (White & Hillenbrand 2004; Greene & Lada 2002) .
Despite the heavy extinction by disk and cloud material, which can amount to several tens of magnitudes or more in A v (e.g., Myers et al. 1987 ), a handful of Class I stars with radio and optical outflows were detected as soft X-ray sources by the ROSAT spacecraft (ρ Oph: Casanova et al. 1995; R CrA: Neuhäuser & Preibisch 1997) and also by ASCA (ρ Oph: Sekimoto et al. 1997 ). More recent detections have been reported by the Chandra X-Ray Observatory (ρ Oph: Imanishi et al. 2001 ; Orion B: Simon et al. 2004 ) and by XMM-Newton (R CrA: Hamaguchi et al. 2005) . The many nondetections of X-rays among Class I YSOs suggest there may be a wide range in the intrinsic emission of these objects or else a wide range in the obscuration suffered by the X-rays from one source to the next. The quiescent X-ray luminosity of the Class I stars detected thus far, L X 10 30 erg s −1 , is comparable to the strongest non-flare emission that is observed from the TTSs or from active, young, low-mass Zero-Age Main Sequence (ZAMS) stars (e.g., Neuhäuser 1997) . The question of how the detected Class I YSOs create such powerful X-ray emission has not been settled yet. To produce a similar abundance of X-rays in a normal star like the Sun requires a large volume of high density plasma, which must be magnetically confined by loops the size of the star or even larger. The mechanisms suggested for the protostars include both non-magnetic models (heating by accretion shocks) as well as magnetic ones (shearing and reconnection of magnetic field lines that attach a protostar to its circumstellar disk). In the class of magnetic models, the magnetic field acts to collimate and drive the bipolar jets, and also to accelerate particles that generate the intense X-ray emission that's observed (Shu et al. 1994; Hayashi et al. 1996; Goodson et al. 1997 ).
To-date, all previous X-ray surveys of Class I YSOs (or of the even younger and more deeply embedded Class 0 objects) have been carried out in massive (few ×10 5 M ), dense clouds like Orion, which are expected to form hundreds if not thousands of high-and lowmass stars. On the other hand, there have been no comparable studies of the many small dark clouds (∼10 2 M ) that ultimately form aggregates of just a few (or a few dozen) stars of moderate to low mass, and thus could be the original birthplace of sparse groupings for which the TW Hya association may be the prototype (Kastner et al. 1997) . Possibly the physical conditions in these small clouds or in the circumstellar environments of the protostars that form within them are sufficiently different to affect their X-ray properties. If these clouds are of relatively low density, moreover, they may be nearly transparent to hard X-rays. Provided the extinction through them is considerably less than A v = 100 mag, any embedded protostar, even one of Class 0, might be readily detected at energies above a few keV, unlike a YSO that forms in a much denser cloud like Orion.
In this paper I present the results of the very first X-ray observation of L1251, a small dark cloud in the constellation Cepheus. The observation was acquired with the EPIC X-ray cameras aboard the XMM-Newton spacecraft. As a possible archetype of the class, L1251 offers the advantage of a relatively nearby distance of ∼ 300 ± 50 pc (Kun & Prusti 1993) . In addition, the foreground extinction in the direction of the cloud is known to be quite low, A v ≈ 1 mag (Kun & Prusti 1993) . The two most active sites of star formation within L1251 are 15 apart and thus fit comfortably within the high sensitivity portion of the field of view of the X-ray cameras on-board XMM. High-velocity bipolar flows have been detected in CO from both positions, an extended flow at L1251A, which lies to the west, and a more compact and thus apparently younger one at L1251B to the east (Schwartz et al. 1988; Sato & Fukui 1989; Sato et al. 1994) . The axes of the two flows are nearly orthogonal to one another. Both sites have also been detected in 13 CO, C 18 O, NH 3 , CS, and as 6 cm continuum sources (Sato et al. 1994; Tóth & Walmsley 1996; Morata et al. 1997; Anglada et al. 1998; Beltrán et al. 2001) . A half-dozen IRAS point sources are found at each site (Kun & Prusti 1993) , among them a pair of bright 60µm sources: IRAS 22343+7501, which lies closest to the origin of the CO outflow in L1251A ("Core C" of Sato et al. 1994) , and IRAS 22376+7455, which is nearest the CO peak in L1251B ("Core E"). The H 2 column density inferred for each molecular core is equivalent to a relatively low extinction value of A v ≤ 15 mag; the mass of each core is estimated to be no more than 50-60 M (Sato et al. 1994; Tóth & Walmsley 1996) . Hence, even with a star formation efficiency as high as 5-10%, there is clearly only enough mass to form at most a dozen solar-type stars at each location. The luminosities of both IRAS sources (∼ 10 L , Sato & Fukui 1989) and their far-infrared colors (expressed, for example, in the form of T bol , Chen et al. 1995) , are consistent with a Class I (or extreme Class I) designation (Mardones et al. 1997 ) and with accretion onto embedded stars of ∼1-2 M (Sato & Fukui 1989; Kun 1998 ).
There have been few previous optical or near-infrared studies of L1251. A dozen Hα emission-line (TTS) stars have been identified through spectroscopy, the majority of them being associated with the "older" L1251A core (Kun & Prusti 1993; Eredics & Kun 2000) . Notice has been taken of a small cluster of aligned HH emission knots (= HH 149) in the same region (Balázs et al. 1992) , along with a near-infrared reflection nebula and several embedded near-infrared point sources (Rosvick & Davidge 1995; Hodapp 1994) . Three long ( ∼ 10 5 AU) chains of HH emission features (HH 189, 364, and 373) and several near-infrared point sources have also been found in L1251B (Eiroa et al. 1994; Hodapp 1994; Alten et al. 1997) . Four emission knots in the HH 189 jet are closely aligned with the m v ≈ 16 star KP2-44 (= Star 1 of Eiroa et al. 1994) . The conspicuous location of KP2-44 at the midpoint of HH 189 suggests that it may be the source that powers the HH jet. However, the Hα emission of this early M star is not especially strong for a classical TTS, having an equivalent width of only 12Å (Eredics & Kun 2003) , which raises some doubt about whether it is capable of driving the outflow. A connection between the infrared sources and the other HH jets in L1251B has not been firmly established. The same can be said of the tight grouping of infrared sources and HH knots in L1251A, i.e., it is not yet known which source is responsible for the outflow.
The radio continuum source VLA 6 (Beltrán et al. 2001 ) and 2MASS 22352345+ 7517076 from the Two Micron All Sky Survey (2MASS) Point Source Catalog lie very close to the nominal coordinates of IRAS 22343+7501 in L1251A, suggesting they are the likely longer and shorter wavelength counterparts of the IRAS source. IRS D of Rosvick & Davidge (1995) has no accurate coordinates, but is apparently identical to the 2MASS source. However, the IRAS error ellipse also overlaps the positions of VLA 7 and IRS A (=2MASS J22352497+7517113), so those sources cannot be convincingly rejected as possible radio/infrared counterparts of the IRAS source. IRAS 22376+7455 in L1251B is nearly coincident with VLA 3 of Anglada et al. (1998) and lies midway between and ∼ 5 from a pair of 2MASS sources, one of which (2MASS 22384398+7511268) is identical to the faint Star 2 of Eiroa et al. (1994) . A primary goal of the present investigation, then, was to search for X-ray emission from areas around the CO emission cores, which would help to identify stellar counterparts for the far-infrared and radio sources and thus to determine which of them (if any) might be the origin of the large-scale, high-velocity flows in L1251. A second objective was to compare the X-ray activity of the TTSs within the cloud with the activity levels of pre-main sequence stars in other star-forming regions, whose much larger populations of TTSs have already been extensively surveyed in X-rays. (Jansen et al. 2001) for an exposure time of 38 kiloseconds (ks) during revolution 743 on 2003 December 29 and 30. The observation ID is 0201540101. The aim point of the observation was toward R.A.(J2000) = 22 h 37 m 50. s 1, decl.(J2000) = +75
OBSERVATIONS AND RESULTS

L1251 was observed by XMM-Newton
• 13 37 , in a direction southeast of the sixth magnitude M1 giant HD 214710, a field star that lies in front of the cloud. That orientation was chosen to place the highest priority target, IRAS 22376+7455 (L1251B), within a few arcminutes of the optical axis of the telescope where the highest quality images are formed, while IRAS 22343+7501 (L1251A) remained close enough to image center that the decrease in camera response toward the edge of the field of view was still acceptable. The EPIC pn camera (Strüder et al. 2001 ) and the two MOS cameras (Turner et al. 2001) were operated in full-window mode, using the medium filter. The field of view in X-rays is shown in Figure 1 To analyze the EPIC images, I made use of the X-ray event list provided by the pipeline data processing system, version 6.1.0 of the XMM Science Analysis Software (SAS, Watson et al. 2001) , and a complete set of updated calibration files, which were obtained from the XMM Science Operations Center (dated 2005 February 19) . Initially, light curves in the 10-15 keV energy band were extracted from source-free regions of each image in order to evaluate the non-X-ray background. An interval of high background at the start of the observation and another at the end of the exposure were removed, leaving a net exposure time of 22.5 ks. Photon events that were recorded during the deleted segments of the exposure were excluded from the rest of the analysis. In further screening, I used the SAS xmmselect task to select out the photon events with pulse height energies in the broad (0.3-10 keV) energy band. Following the data analysis threads described in the XMM data analysis "ABC Guide" (Snowden et al. 2002) , 1 I retained only the pixel events that were assigned pattern values of 0-12 for the MOS and 0-4 for the pn. All other events were discarded. Hot and other bad pixels (i.e., those outside the field of view or close to the edges of the CCD chips, etc.) were removed by filtering out poor-quality events that were tagged with flag = 0 during the pipeline processing.
The original pipeline reductions produced a list of 68 point sources. After further screening to eliminate false detections and to identify any additional sources that had been missed by the pipeline processing, there remained a total of 41 sources that were present at the ≥ 3σ detection level in one or more of the three independent EPIC images. The X-ray counts for each source were extracted from a circular region of radius r = 12 , which I centered on the source. The on-source counts were corrected for background emission, as estimated from a nearby, offset background region (r = 48 ). To compute the X-ray count rates for individual sources, I derived exposure maps for each camera in the broad 0.5-2.0 keV energy band, the band in which nearly all the energy of these soft sources is emitted. The exposure maps account for vignetting related changes in the effective response of the telescope across the field of view. The resulting net source count rates were also adjusted to correspond to an encircled energy fraction of 100%, based on an analytical fit to the XMM point-spread function. Details of the procedure can be found in . Optical and near-infrared identifications were established for all but a half-dozen of the Xray sources by visually comparing the XMM images with images from the DSS and 2MASS and by cross-matching the pn and MOS image coordinates with entries in the SIMBAD database. Table 1 summarizes the results of the X-ray photometry. An identification number for each source is given in the first column. Listed next is the formal name of the source, composed in the usual fashion from its right ascension and declination (J2000), followed by the name(s) of any optical or infrared counterparts in the third column. Names with a 2G prefix denote entries from the Hubble Space Telescope Guide Star Catalog (2d edition). Those with a KP prefix are from Kun & Prusti (1993) . The agreement between the centroided XMM position and the ground-based position is typically 1. 4 or better. The next two columns specify the angular offset of the source from the boresight of the XMM pointing and an effective exposure time for the source, which is an unweighted average of the onsource exposure times that were accumulated by the three cameras, as determined from the individual exposure maps. The sixth column gives the total EPIC (pn + MOS1 + MOS2) count rate for the source and its 1σ statistical error. The total rate is provided here as a convenient measure of the relative signal strength of each source in the 0.3-10 keV energy band, but is not suitable for accurate photometry nor is it intended for spectral analysis. For that purpose, the background-subtracted source counts and exposure times in the individual cameras were used. The entries in the remaining columns in Table 1 are the subject of later discussion in the paper.
The two strongest sources within the XMM field of view in Table 1 are numbers 35 (KP2-46) and 14 (KP2-43). Eredics & Kun (2003) assigned a spectral type of K5(±1) to KP2-46 from a classification of its optical spectrum in the 5500-8000Å region. They also reported an Hα equivalent width of more than 50Å for the star, which certifies it as a bona fide classical TTS (for comparison, the equivalent widths of the Balmer emission features of weak-lined TTSs or active dKe/dMe field stars are an order of magnitude smaller). KP2-43 is a close optical double on the DSS. X-ray spectra and light curves were generated for both objects from the individual EPIC images, employing a circular extraction region and a large, offset background region located close to each source. To test for X-ray variability, I carried out a χ 2 timing analysis using the XRONOS software package from the High Energy Astrophysics Science Archive Research Center (HEASARC) of the NASA Goddard Space Flight Center. No evidence was found for significant variability in the count rate of either source at low energies below 2.5 keV or at high energies above 2.5 keV over a broad range of timescales. The probability of variability and the fractional variation according to the XRONOS timing analysis were determined to be < 10% in both cases. For the analysis of the X-ray spectra, I used the XSPEC spectral analysis package from HEASARC to fit simple multi-temperature, optically-thin thermal plasma models to the pulse height distribution of the extracted photons. The pn and two MOS spectra were fitted jointly over the 0.4 keV to ∼ 8 keV energy range, varying the hydrogen column density, the source plasma temperature and metal abundance, and the volume emission measure. Parameters of the optimum model were determined by a χ 2 minimization technique. The spectra were background-corrected and binned to a minimum of 20 counts per spectral channel. The latest XMM response files were generated for each source by means of the SAS arfgen and rmfgen tasks.
The best-fitting models are compared with the observed spectra of KP2-46 and KP2-43 in Figures 2 and 3 , respectively. The numerical results of the calculations are presented in Table 2 . An absorbed two-temperature MEKAL model (Mewe et al. 1995) produced the minimum χ 2 and hence the best fit for each star. The hydrogen column densities in both models correspond to a modest extinction value of A v ≈ 1 − 2 mag at visible wavelengths (see Bohlin et al. 1978) , which is consistent with the conclusion reached by Kun & Prusti (1993) that the foreground reddening to L1251 is relatively small. Larger column densities produce a noticeably poorer fit. Increasing the extinction in the model to A v ≈ 5 mag, a possibility suggested by the near-infrared color indices of both stars in a (J − H, H − K) color-color plot (see §3.2), leads to a very significant deviation between the model and the data at low energies and raises the value of the reduced χ 2 to ≥ 1.5, which indicates an unacceptable fit.
The overall heavy-element abundances derived here for the L1251 stars are ∼ 10 times less than solar, i.e., Z ∼ 0.1 (where Z is the metal-to-hydrogen ratio, normalized to the same abundance ratio in the Sun). Such low abundances are not unusual. X-ray models for late-type stars with magnetically active coronae often yield subsolar metal abundances or selective underabundances for certain elements that are equally extreme (e.g., Tsuboi et al. 2000; Kastner et al. 2002; Imanishi et al. 2002) .
The X-ray temperatures of the cool components for both stars, kT ∼ 1 keV, are comparable to those of the quiescent X-ray detected Class II and Class III (visible) TTSs in other star-forming regions (see Feigelson et al. 2002, Fig. 11b; Getman et al. 2002, Fig. 10e; Imanishi et al. 2003, Fig. 4a ). These low-temperature components account for ∼ 2 3 of the total emission measure (EM) in the models of both stars, 30% of the absorbed X-ray flux observed at the Earth for KP2-46, and 55% of the apparent X-ray flux of KP2-43. Temperatures as high as those found here for the hot components of KP2-46 and KP2-43, kT ∼ 4.5 keV, are much less common among the normally quiescent TTSs. The X-ray luminosities determined for both emission-line stars are at (or even well above) the high end of the range for the quiescent emission of TTSs observed elsewhere in the sky, e.g., in ρ Oph (Imanishi et al. 2001; Imanishi et al. 2003; Gagné et al. 2004) or in Taurus (Neuhäuser 1997) . The intrinsic luminosities, EMs, and temperatures of these hot components cannot be explained by accretion, which is capable of producing only soft X-ray spectra (Kastner et al. 2002; Calvet and Gullbring 1998) , and require the presence of strong confining magnetic fields and/or large magnetic loops (e.g., Imanishi et al. 2003 ).
The remaining X-ray sources listed in Table 1 are much fainter than KP2-46 and KP2-43, consequently none of them could be modeled in the same detail and with the same level of confidence as those two, much brighter sources. To convert the X-ray count rates of the fainter sources to physical fluxes and intrinsic luminosities, a counts-to-energy scaling factor (ECF) was derived for each EPIC camera and applied to the broadband source count rate. After a correction to 100% encircled energy and an adjustment for the off-axis vignetting and CCD detector deadtime, the background-corrected count rate of each source was scaled by the appropriate ECF to yield the extinction-corrected or "unabsorbed" X-ray flux at Earth and also the luminosity at 300 pc, the distance I have assumed here for L1251.
Two methods were used to derive the scaling factors. The first was based on the X-ray photometry and the XSPEC models for KP2-46 and KP2-43. ECF values were derived for each source and for each EPIC camera by dividing the unabsorbed flux listed in Table 2 by the corrected count rate, as measured from the individual pn and MOS camera images. The ECF values derived separately for KP2-46 and KP2-43 were in close agreement and therefore were averaged to yield the following mean conversion factors (which refer to the 0.3-10.0 keV energy band): for the pn camera, an ECF of 4.43 × 10 −12 ergs cm −2 s −1 per count s −1 to convert from the observed count rate to the N H -corrected X-ray flux at Earth; similarly, for the two MOS cameras, an ECF of 1.26 × 10 −11 ergs cm −2 s −1 per count s −1 to transform the observed MOS count rate to unabsorbed X-ray flux. Apart from possible systematic or "external" errors, the uncertainties in the scale factors are estimated to be ∼ 10 %.
In applying such fixed energy conversion factors to the remaining sources in Table 1 , no allowance would be made for any difference in the amount of reddening or in the X-ray temperature from one star to the next, i.e., it is implicitly assumed that the X-ray spectrum of every source is closely similar to those of the two calibration standards, KP2-46 and KP2-43. Such a coincidence is possible, but not very likely. In order to adjust the ECF values for differences in the hydrogen column densities and source temperatures, model simulations were computed using the HEASARC WebPIMMS tool. For simplicity, I adopted a singletemperature thermal model having a range of column densities, 21.15 ≤ N H ≤ 22.45, a range of temperatures, 0.48 ≤ kT ≤ 4.32, and a fixed metal-abundance parameter of Z = 0.2. For a normal gas-to-dust ratio, the N H values used in the calculations correspond to optical extinctions of 0.75 ≤ A v ≤ 15 mags (Bohlin et al. 1978) , which cover the range expected for L1251, from purely interstellar extinction to heavy local extinction for a YSO that may still be embedded in remnants of a primordial disk. The Z value is consistent with the low heavy-element abundances of KP2-46 and KP2-43 given in Table 2 .
Count rates were predicted for a value of the unabsorbed flux in the (0.3-10.0) keV energy band, which was assumed as input to WebPIMMS, and for three different output bands: a "soft" band, 0.3 ≤ E ≤ 0.8 keV; a "hard" band, 0.8 ≤ E ≤ 1.5 keV; and a "total" band, 0.3 ≤ E ≤ 10.0 keV. By definition, the ratio of the (assumed) input flux to the predicted count rate in the total energy band provides the ECF value for the simulation; the ratio of the count rate signal in the soft band to the signal in the hard band provides a measure of the "hardness" of the synthesized X-ray spectrum. It was found from the calculations that the hardness ratio decreased exponentially with A v over the entire range of N H values (with a standard deviation of 7% in a least-squares fit) but had only a very weak dependence on temperature for kT ≥ 0.8 keV. The count rate in the total band was found to be inversely proportional to the value of A v (with a standard deviation of 8% in the fit) and to be nearly independent of temperature as long as A v 8 mags. Thus, on the basis of such analytical fits to the model results, it was deemed possible to estimate the extinction with some confidence from a measurement of the hardness ratio and in turn to derive the broadband ECF, and hence the unabsorbed broadband flux, for all but the softest or most deeply embedded YSOs in L1251 (i.e., excluding the sources for which kT < 0.8 or A v 8).
The WebPIMMS model results were applied to the full set of X-ray detections in Table  1 . Count rates in the soft and hard bands were extracted for each source and from them I computed the hardness ratio and extinction. The results are listed in Columns 7 and 8 of the table. In general, the hardness ratios are consistent with relatively soft X-ray spectra and low or moderately low extinction. In slightly more than half the cases, the extinction appears to be entirely interstellar; a minimum value of A v = 1 mag was therefore imposed for consistency with the extinction estimate of Kun & Prusti (1993) . Larger extinction values of up to A v ∼ 4 mags were found for just four sources (numbers 2, 8, 9, and 34). Only one additional source (number 13) was discovered to have a hard X-ray spectrum and a corresponding extinction value as large as A v ∼ 10 mag. The ECF values for the entire X-ray sample, determined as described in the preceding paragraph, are shown in Column 9 of the table, where they are presented as a ratio or correction factor to the energy conversion factors that were determined from the XSPEC analysis of KP2-43 and KP2-46. The WebPIMMS-based ECF values of the least reddened stars are comparable to, but a little (28%) smaller than, the ECF values obtained from KP2-43 and KP2-46, whose X-ray spectra exhibit slightly more reddening than is expected from an interstellar component alone (A v = 1.44 and 2.25 mags, respectively, from the XSPEC model fits of those two stars; A v = 1.21 and 1.74 mags, respectively, on the basis of their hardness ratios given in Table 1 ).
The extinction-corrected X-ray flux at Earth derived in this manner for each source is listed in the 10th column of Table 1 . The intrinsic luminosity is provided in Column 11 for an assumed distance of 300 pc. The flux and luminosity values entered on each line are variance-weighted averages of the independent measurements made of each source from the three EPIC images. The values shown for KP2-46 and KP2-43 are the scaled results for those sources and, as should be the case, they are closely consistent with the XSPEC results presented in Table 2 . The uncertainties cited for the flux and luminosity in Table 1 are based on the scatter in the results obtained from the different cameras. The unknown distances of many of the sources introduce an even greater uncertainty in the X-ray luminosities.
DISCUSSION
The Hα Emitting Stars
With the exception of KP2-47, 11 of the candidate TTSs in Table 2 of Kun & Prusti (1993) lie within the XMM field of view. Eight of the 11 stars were detected in X-rays above a 3σ count rate level that corresponds to an absorption-corrected X-ray luminosity of L X ≈ 10 29 ergs s −1 for an assumed distance of 300 pc. The three emission-line stars that were not detected by XMM, KP2-40, KP2-41, and KP2-42, are located in the center of the field of view, in the region close to the optical axis that is most sensitive to the detection of soft X-rays from stellar point sources. According to Eredics & Kun (2003) , KP2-41 is a foreground M2 star and is unrelated to the L1251 star-forming region that lies behind it. KP2-40 was not detected by either MOS camera but fell into a gap between two adjacent CCD chips on the pn camera, which has the most sensitive detectors on XMM. KP2-42 was reported to have weak Balmer emission by Kun & Prusti. It was not detected in X-rays by any of the three cameras. Five of the X-ray detected Hα emitters (KP2-1, 2-2, 2-3, 2-45, and 2-46) can be classified as classical TTSs on the basis of their large Hα equivalent widths (≥ 10Å); KP2-44, the star that bisects HH 189, is a marginal classical TTS by the same criterion, and KP2-39 is clearly a weak-lined TTS. The remaining star, KP2-43, was reported by Kun & Prusti to show moderately strong emission in its objective prism spectrum, consistent with a classical TTS designation. It was not observed in the follow-up program of grism spectroscopy by Eredics & Kun (2003) , however, and so its spectroscopic status is unconfirmed. In a (J − H, H − K) color-color plot (see below), the near-infrared colors of KP2-43 (and those of KP2-39) are much more consistent with the colors of a classical TTS of Class II than with those of a weak-lined TTS of Class III.
For KP2-46, the near-infrared photometry listed in Table 1 can be used to derive an estimate of the bolometric luminosity, L bol , and to establish the location of that star in the H-R diagram with respect to stellar evolutionary tracks. In addition, the ratio of the X-ray luminosity to L bol , R X = L X /L bol , makes it possible to compare the X-ray activity of KP2-46 to the activity of many other late-type stars, including other TTSs. The J-band magnitude is preferred for this purpose (of computing L bol ) because it is thought to be minimally affected by the veiling emission due to the accretion of circumstellar material (Hartigan et al. 1995) . The near-infrared colors and the position of KP2-46 in an infrared two-color diagram lead to an estimate of the extinction of A v = 5.90 mag, which is at odds with the substantially smaller extinction value of A v = 2.25 mag that is implied by the hydrogen column density in the XSPEC model presented in Table 2 . Both methods of determining the extinction have their own particular defects and are thus subject to some criticism. Moreover, the geometry and precise location of the X-ray emitting region are unknown, so there is no guarantee that the optical/near-infrared and high-energy emissions of the star should have the same extinction. Similar inconsistencies between the optical/infrared and X-ray extinctions have been noted before in Orion as well as NGC 1333 (Getman et al. 2002) . In the case of SVS 16 in NGC 1333, which provides an extreme example, the A v derived from the infrared color-color plot is ∼ 20 mags greater than the extinction value that is inferred from fitting the X-ray spectrum.
The lower extinction value of 2.25 mag for KP2-46, combined with a distance modulus m − M = 7.39 for L1251 and a bolometric correction B.C. J = 1.55 that is appropriate for a late-K star (Hartigan et al. 1994) , yields a luminosity of L bol = 1.5L . With that L bol value, the normalized X-ray luminosity is then R X ≈ 10 −2.56 , which is well above the empirical "saturation limit" of R X = 10 −3 that has been established for the quiescent coronal emission of a great many late-type stars, including the TTSs. In other star-forming regions, only a small fraction of the YSOs are observed to have normalized X-ray luminosities above the saturation limit, e.g., 10 % in Orion or NGC 2264 according to Feigelson et al. (2003) and Flaccomio et al. (2003) . The larger extinction estimate obtained from the infrared color-color plot, 5.90 mag, leads to an L bol that is ∼ 2.5 times higher, L bol = 4.1L , and a normalized X-ray luminosity that is identical to the saturation limit to within the uncertainties, R X = 10 −2.95 .
In similar fashion, the bolometric luminosity and normalized X-ray luminosity can be determined for KP2-43, the second brightest source observed by XMM. Assuming the XSPEC extinction value for this star from Table 2 , L bol = 0.82L and R X = 10 −2.59 . A larger extinction value of A v = 4.80 mag is inferred from the near-infrared color-color plot, which gives L bol = 2.1L and thus R X = 10 −3.01 , i.e., once again identical to the X-ray saturation limit. Thus, all indications are that the X-ray luminosities of KP2-43 and KP2-46 are extremely powerful for stars that are not undergoing flares.
A Near-Infrared Color-Color Plot
All but nine of the X-ray sources detected by XMM could be identified with near-infrared sources in the 2MASS survey. Table 1 lists the successful X-ray/infrared matches and the corresponding JHK photometry from 2MASS, after conversion to the CIT system via the transformations given in Carpenter (2001) . The transformed photometry is listed in the final three columns of the table and is plotted in the color-color diagram in Figure 4 .
With the exception of KP2-1 (also known as Star A of Grasdalen et al. 1973 ), the infrared counterparts of the XMM sources either lie on or very near the unreddened giant and dwarf star sequences in Figure 4 or else they fall within the narrow band between the reddening boundaries, which extend upwards from those sequences. Stars with modest color indices and plotted within the middle ground bounded by the reddening tracks could be normal stars with differing amounts of extinction or possibly TTSs with small-to-moderate color excesses. In principle, the foreground reddening of a normal main sequence or giant star can be determined from the color-color plot by projecting its color indices back to one of the unreddened sequences, parallel to the reddening curve. Meyer et al. (1997) have shown that the non-local reddening along the line of sight to a TTS can be estimated in the same way by projecting its colors back to the unreddened TTS locus.
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The location of KP2-1 in Figure 4 is symptomatic of a large color excess, placing this star in the same region of the color-color plane where classical TTSs with large infrared excesses and significant reddening can be found (Meyer et al. 1997 ). Eredics & Kun (2003) have classified the spectral type of KP2-1 as K5 and have noted very strong Hα emission in its spectrum. Based on the galactic extinction curve tabulated by Mathis (2000) , an extinction correction of A v = 2.3 mag suffices to slide the infrared colors of KP2-1 onto the TTS locus. The corresponding correction in the J-band is A J = 0.65 mag. Following adjustments for the extinction, for the distance, and for the appropriate bolometric correction, the J-band magnitude of KP2-1 yields a bolometric luminosity of L bol ≈ 3.5L . Such a large L bol makes KP2-1 one of the most luminous and youngest emission-line stars in L1251. According to the PMS models and isochrones of D' Antona & Mazzitelli (1994) , as plotted by Eredics & Kun (2003) for example, KP2-1 cannot be more than ∼ 1 Myr old. In the same vein, the even greater luminosity mentioned as a possibility for KP2-46 in earlier discussion ( §3.1), L bol = 4.1L , positions that star still closer to the stellar birthline (Stahler 1983 ) and identifies it as one of the very youngest emission-line stars in L1251.
Three X-ray sources plotted in Figure 4 , sources 6, 8, and 25, have exceptionally red colors, occupying the same part of the color-color plot as highly reddened normal stars and embedded Class I protostars (see, for example, Lada & Adams 1992) . If the three sources are not protostars, their locations in the diagram indicate they have extinctions of 10-15 mag and are the most heavily reddened stars in the X-ray sample. In contrast, the X-ray hardness ratios of these stars in Table 1 suggest much smaller extinctions in the range of 2 to 4 mags. Because the interstellar extinction in front of L1251 is known to be very light, none of the three can be in the foreground of the molecular cloud if they are so heavily reddened. Such high extinction is understandable only if they lie behind the cloud or are deeply buried within it, perhaps at its far edge, and are being viewed through the densest parts of the cloud. Two of the sources, number 6 (coincident with a 2MASS source and offset by ∼ 2. 5 from a possible faint optical counterpart) and number 25 (coincident with a 2MASS source to within 0. 5), appear to be in relatively clear (i.e., low A v ) regions in the high resolution molecular maps of Nicolić et al. (2003) and therefore would not be expected to show large amounts of reddening due to the cloud. On the other hand, neither source is known to be associated with any IRAS or other embedded far-infrared source in L1251, and so neither of them may be luminous enough to be a Class I YSO. The third object, tentatively identified here with the IRS A component in the cluster of infrared sources found by Rosvick & Davidge (1995) , lies close to the position of IRAS 22343+7501 within the densest CO core in L1251A, where the H 2 column density derived from the N(CO) map of Nicolić et al. (2003) implies an extinction of A v ∼ 15 mag. The extinction indicated for this star by its location in the color-color plot in Figure 4 , A v = 12 mag, agrees rather well with the estimate based on the CO data.
X-Ray Emission from the CO Cores
X-ray emission was observed from the two most prominent CO emission peaks in the L1251 dark cloud, Core C (L1251A) and Core E (L1251B). The coordinates of the X-ray sources and of other nearby, possibly related objects are listed in Table 3 . The brightest Xray source in L1251A is source number 8. According to the source list compiled by the XMM data pipeline, the centroid of that object is located 1. 6 southwest of the near-infrared source IRS A, 2. 3 southwest of its radio counterpart VLA 7 (Rosvick & Davidge 1995; Beltrán et al. 2001) , and 5. 3 northeast of IRS D/VLA 6.
3 However, at the 10 off-axis location of L1251A, the point spread function (PSF) of XMM is highly elongated. As a result, the X-ray emission from source 8 is distended, forming a circular arc that encompasses both IRS A/VLA 7 and IRS D/VLA 6. Because of this distortion of the image, it is quite possible that both objects are X-ray sources. It is worth noting that the radio spectral indices of both VLA sources are consistent with free-free emission from a thermal radio jet (Beltrán et al. 2001) , and so either source might conceivably have launched the molecular outflow and HH knots that are observed in L1251A. The apparent closeness of the X-ray emission peak to IRS A/VLA 7 makes it somewhat more likely that the outflow originated from that source instead of IRS D/VLA 6. To settle the issue, however, will require a deeper on-axis observation of L1251A with XMM or possibly the higher (0. 5) spatial resolution of the X-ray imagers on Chandra.
The X-ray luminosity listed for source 8 in Table 1 is L X ∼ 10 30.71 ergs s −1 , subject to any uncertainty in the ECF value and hydrogen column density along the line of sight. The hardness ratio of the source suggests that the overlying extinction may be fairly modest, equivalent to an optical extinction of just A v = 4.2 ± 0.6 mag. In order to confirm the luminosity of the source, I used the XSPEC software to model its X-ray spectrum. The pn and MOS pulse-height data were fit simultaneously with an isothermal (one-temperature) MEKAL model, assuming a variable temperature, variable metal abundance Z, and variable extinction parameter. Due to the limited signal strength of the source, a more complicated multi-temperature model hardly seemed justified. A marginally acceptable fit, giving a reduced χ 2 value of 1.2 for 27 degrees of freedom, was achieved with a high plasma temperature (kT ∼ 5.4 keV), a modest amount of extinction (equivalent to A v ∼ 3.6 mag), and an absorption-corrected luminosity of L X ∼ 10 30.51 ergs s −1 , approximately 40% less than the scaled luminosity quoted in Table 1 . XSPEC models were also computed with the hydrogen column density fixed at N H = 2.3 × 10 22 cm −2 , which corresponds to the extinction of A v = 12 mag that is suggested for IRS A (the possible ground-based counterpart of source 8) by its location in the infrared color-color plot of Figure 4 . The greater extinction resulted in a much cooler X-ray temperature of kT ∼ 1.4 keV and a considerably poorer fit according to the large reduced χ 2 ν value of 2.9. The significant discrepancy between the X-ray based and infrared based extinction estimates for this source is an issue that requires further work to resolve.
At the CO peak in L1251B, X-ray emission was detected at a level of L X ∼ 10 29.36 ergs s −1 from the borderline classical-TTS KP2-44 (Star 1 of Eiroa et al. 1994) , which is positioned in the middle of HH 189 and thus the most likely origin and driving source of that very prominent outflow. An XSPEC fit to the pn spectrum of KP2-44, assuming an isothermal MEKAL model, gives a very similar result, L X ∼ 10 29.3 ergs s −1 , and a temperature of kT ∼ 0.8 keV. Formally, the reduced χ 2 ν value of 1.2 (for 5 degrees of freedom) indicates a decent fit; however, there are only 150 counts in the entire spectrum, and so the result should be accepted with some caution. No other plausible candidate for the exciting source of HH 189 was revealed by the X-ray images.
Faint emission was also detected in the pn image from a position in L1251B that is located 12 northeast of Star 2 of Eiroa et al. (1994) , although not from that object itself. The X-ray source (number 26 in Table 1 ) is located ∼ 0. 9 southwest of the thermal radio source VLA 3 (Anglada et al. 1998 ) and 1. 9 northeast of the position given for IRAS 22376+7455 by the IRAS Faint Source Catalogue (Moshir et al. 1990 ). The details are given in Table 3 . Weak emission is present at the same location in the two MOS images, but only at the 2σ level. There are no visible or near-infrared objects at exactly the IRAS position; the IRAS source is therefore potentially an extreme Class I or even a Class 0 object. The closest nearinfrared source, 2MASS 22384702+7511347 (K = 13.2 mag), is offset in a direction ∼ 4. 4 northeast of the IRAS object. Given the residual uncertainties in the positions of both the far-infrared source and the weak X-ray source, it is quite possible they coincide with each other and are spatially coincident with VLA 3. If the X-ray, far-infrared, and radio sources are indeed the same object, then the embedded protostar must have already evolved past the stage of isothermal collapse.
The scaled X-ray luminosity listed for source 26 in Table 1 is L X ∼ 10 29.1 ergs s −1 . To improve this result through detailed spectral modeling with XSPEC would be very difficult, given the extremely low pn count rate of 3.25 ± 0.80 counts ks −1 : after a correction for the throughput of the extraction aperture, just 57 ± 14 source counts were collected in an effective exposure time of 17.6 ks. It is possible, however, to explore the effects of different extinction values and of different X-ray temperatures on the luminosity by using the WebPIMMS tool to carry out simple model simulations that match the observed count rate, e.g., assuming a single-temperature thermal model with a range of extinction values and a range of source temperatures. For that purpose I therefore considered two different source temperatures, which should bracket an adequate range of spectral hardness, kT = 4.3 keV and kT = 1.2 keV. If the extinction is as large as A v = 15 mag (the maximum extinction that can be inferred for L1251 from the CO maps or from the infrared colors of 2MASS sources in the XMM field of view), then the observed count rate corresponds at the high temperature to an absorption-corrected luminosity of L X ≈ 10 29.7 ergs s −1 . The luminosity in the low-temperature case is 2-3 times higher than that once A v exceeds 10 mag. At either temperature, the WebPIMMS luminosity is 3-10 times larger than the luminosity in Table  1 , which is based on a far smaller extinction than seems appropriate if in this instance the line of sight passes through the circumstellar disk or envelope of a deeply embedded Class 0 or extreme Class I protostar.
CONCLUSIONS
A 22 ks observation obtained by the XMM-Newton spacecraft has discovered more than three dozen soft X-ray sources in the L1251 dark cloud. The 3σ detection threshold in the most sensitive camera carried aboard XMM, the EPIC pn, is estimated to be L X ≈ 10 29.0 ergs s −1 . Among the detections are 8 TTS that were identified in an earlier Hα survey of L1251 by Kun & Prusti (1993) . The spread in luminosity of the X-ray detected TTSs amounts to a factor of 100, ranging from L X = 10 29.2 ergs s −1 to 10 31.2 ergs s −1 . Several other emission-line stars identified by Kun & Prusti were not detected in X-rays, and so the full dispersion in X-ray activity must be even greater. The luminosities of the two most powerful TTSs, at L X ∼ 10 31 ergs s −1 , are at the high end of the range of the quiescent activity levels that have been recorded for classical TTSs in other star-forming regions, e.g., ρ Oph (Imanishi et al. 2001 (Imanishi et al. , 2003 , the Orion Nebula Cluster (Feigelson et al. 2003 (Feigelson et al. , 2003 , NGC 1333 (Getman et al. 2002) , or NGC 2264 (Flaccomio et al. 2003; , and are well above the range observed in Taurus (Neuhäuser 1997) . No evidence was found for X-ray variability of either star due to flares in the course of the short XMM observation reported here. Both stars were determined to be at the saturation limit for late-type stars, i.e., at the maximum brightness level for normalized X-ray luminosity, L X /L bol . The X-ray luminosities of the remaining sources in L1251 are in keeping with the results of previous surveys of other collections of young Class II and Class III stars. Particular attention has been given in this study to a pair of bright far-infared sources, IRAS 22343+7501 and IRAS 22376+7455, which were identified in earlier work as Class I protostars and the possible driving sources of energetic molecular and ionized flows in L1251.
Both IRAS sources are associated with prominent CO emission peaks, Core C in L1251A and Core E in L1251B, respectively. X-ray emission was detected in L1251A from a position that is centered on a compact near-infrared and thermal radio source, IRS A/VLA 7. The latter object is significantly offset (∼ 6 ) from the position of the IRAS source but within its formal error ellipse. The X-ray emission is spatially extended, overlapping the position of another near-infrared and thermal radio source in the same area, IRS D/VLA 6, which is located closer to the IRAS position. Because the PSF of XMM is highly distorted at the off-axis locations of IRS A/VLA 7 and IRS D/VLA 6 (and also because of their particular orientation in the XMM images), the two objects are not easily resolved in X-rays. They may both be X-ray sources, and consequently either one of them could be the driving source for the CO outflow and the HH 149 jet in L1251A.
Within L1251B, X-ray emission was detected from the TTS KP2-44, which has been identified in other studies as the most likely origin of the long HH 189 jet. It is therefore somewhat surprising that there have been no reports of any radio emission from KP2-44 (e.g., Anglada et al. 1998) . Star 2 of Eiroa et al. (1994) was not detected in X-rays, nor does it appear to be a radio source, and so it is very unlikely to be the source of the HH 189 jet. Weak X-ray emission was also detected in L1251B from the vicinity of a continuum radio source (VLA 3) and the far-infrared source IRAS 22376+7455. The detection was made in the pn camera but was not unequivocally confirmed in the images that were taken by the two MOS cameras on XMM. It should therefore be considered as tentative. The spatial offsets of the X-ray, far-infrared, and radio source are extremely small; all three of them lie within a circle of radius 1. 4. Presumably they are the same source, as viewed in different wavelength regions. A 2MASS near-infrared source (J22384702+7511347) lies just outside the circumference of the circle and may be the near-infrared counterpart of the source. The physical relationship between this object and the CO and HH flows in L1251B remains to be explored. Table 1 . The labels denote entries in Table 1 : GKH-A (otherwise known as KP2-1) is Star A from Grasdalen et al. (1973) , ETM-1 (also known as KP2-44) is Star 1 from Eiroa et al. (1994) , and RD-A is spatially coincident with X-ray source 8. The solid lines are the dwarf and giant sequences given by Tokunaga (2000) . The dot-dashed line is the dereddened classical TTS relation of Meyer et al. (1997) . The dashed lines represent the reddening trajectories (Mathis 2000) for giants, main-sequence stars, and TTSs. b Mean effective exposure time (in kiloseconds) based on the pn, MOS1, and MOS2 exposure maps for the (0.5-2.0) keV energy band, which account for the variation in camera sensitivity across the field of view.
c Total (unweighted) background-corrected source count rate in the (0.3-10.0) keV energy band, combining the three EPIC cameras. The onsource counts were measured through a circular aperture 12 in radius and were corrected to 100% encircled energy fraction to compensate for the dependence of the throughput of the extraction aperture on its size and the location of the source within the field of view. Background counts were measured through an adjacent circular aperture having a radius of 48 . The cited errors are statistical only. Count rates in the narrower (0.3-8.0) keV band are virtually identical to those given here for the (0.3-10.0) keV range.
d Ratio of the background-corrected source counts in the (0.3-0.8) keV band to the counts in the (0.8-1.5) keV band.
e Extinction inferred from the hardness ratio, HR. A least-squares fit to the WebPIMMS simulations yields the relation, HR = 0.45 exp(−0.69Av ).
f Ratio of WebPIMMS-based energy conversion factor to the ECF value determined from the XSPEC models of KP2-46 and KP2-43, as described in the text. ergs cm −2 s −1 , applying the WebPIMMS-based ECFs for the pn and MOS cameras, and corrected to 100% encircled energy and for the non-uniformity in camera sensitivity across the field of view according to the exposure time at the off-axis location of the source in each camera.
h Weighted-average X-ray luminosity in the (0.3-10.0) keV band, assuming a distance of d = 300 pc. The weighted 1σ error is determined from the scatter in the log L X values derived independently from the three EPIC cameras but excludes a further contribution of 0.13 dex from the ∼ 16% uncertainty in the distance to L1251.
i Broadband photometry converted to CIT system using the transformations given by Carpenter (2001) .
j ocated near the edge of a detector chip or outside the field of view of one or more cameras. Note. -Units of right ascension are hours, minutes, and seconds. Units of declination are degrees, arcminutes, and arcseconds.
